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S  i  r  n.i  1 -liepoiulent  no  iso  oneountoroil  when  sniiip  1  i  n ;;  video  sipn.ils 
at  low  sampling  rate,  wliile  using  an  adaptive  video  doltamodu- 
laLor  both  as  an  encoder  and  a  video  dig.itizer,  is  combated  by 
using  a  white-light  reflective  transforifi  optical  p  rep  roce so  r  . 

While  tlie  white-light  preprocessor  works  on  black  and  white  images, 
its  main  advantage  is  that  it  can  s imu 1 1 a neot! s  process  using  a 
single  source,  many  color  channels.  Further,  the  relative  lack 
of  both  spatial  and  temporal  coherence  aitls  in  reducing  speckle 
and  interference  noise  effects.  Color  vifico  images  that  Inive 
been  ()reprotcsscd  using  this  white-light  optical  pre-processor 
and  then  sampled  close  to  their  NyipiisL  rate  are  presented. 


''*•  stii'i'.RRrr.ijiA'i imack  r'-;,toratiom  of  noif-y  imack:-; 


Flupe  r  re  1.0 1  v  i  ng  imaj-o  restoration  (SIR)  in  the  presence  of  a 

noisy  environment  is  considered.  Most  SIR  a  1  f-o  r  i  t  Ians  ,  even  in  the 

.-disence  of  noise,  can  only  resolve  two  ]ioint  sources  one-half 
Rayleigh  dist.incc  apart.  In  this  report,  it  is  shown  that  in 
the  absence  ol  n-  iso  the  SIR  of  two  point,  source  simcod  one  — 
ei)’,lith  fd  a  Rayloig.h  disl.ance  apart  is  possible.  'I'lic  algorithms 
use  o(,l.imal  nois-  filtering,  te(linicpies  ha-ied  on  the  metln.-ds  of 

linc.ir  p  rog,  ram-'i •  lor  noisy  imag.es,  the  comhin.u  ion  ol  linear 

eigen-value  aii'l  opl.iin.il  nois.e  lili;ering,  is  used.  In  this  report, 
it  i  •;  shown  t  r  1 1.  for  a  d  i  I  f  rac  I.  i  on- 1  i  m  i  t  ed  iin.ig.e  of  two  point 
■’.onrres  Ipaced  one-half  Rayleig.li  distance  npari  ,  whose  input 
s  i  g.na  1  .i,,-iioise  ratio  i  ■;  ?  1  dh  ,  SIR  is  ac  h  i  e  v.d,  I  e  .  These  results 
have  im(iort.int  implications  in  a  Lmo-ipho  r  i  c  opt  ii.s,  r.e  i  si-io  1  ogy  , 
radio  at.tronoiny,  medic. i!  tl  i  .ig.iios  t  i  c  s  and  tl  i  g,  i  t  ,i  1  b.iiulwidth 
C  omp  r  I- '1  ■;  i  oil  a  pp  1  i  i' a  t  i  on  ■.  wlier.-  the  deioiivoliil  ion  ol  noisy  h.ind- 
w  i  (I  I  li -I  oiiip  r  e  s '.ed  iiii.ig,cs  is  oii'  ol  the  f  und.iinenf  a  1  1  i  in  i  I  a  L  i  ons  . 
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I.  I^csciirc'li  OI)ioctivos 

1.  l''nHiii(MK'y  At'(iiii.silioti  of  ;i  Spr(‘:i(l  Spc(;ti'iiin  .Si};ii:il 

'I'lu;  I’Ikiso  liOcl^cd  l.oop  (1M,L)  is  ;i  device  which  uses  llie  principle  f)f  ncjpdivc! 
Icedhriek  (o  provide  and  ni.alntnin  a  riTerencf!  poini  |•e(lllil•C'tl  (o  ohiain  the  inlorinalinn 
contained  in  tlie  received  si^^nal.  Usually  this  reterenec  point  is  tlie  c.arrier  fretnieney 
of  tlie  received  sif^nal.  In  practicial  systems  the  received  sif^nal  is  at  an  unknown 
frequency  located  within  a  specified  relatively  wide  liandwidtli.  To  ac<|uire  the  signal, 
tlic  IM,L  is  designed  to  liave  a  narrow  bandwidth  which  |)reeludcs  rapid  acfiuisition.  To 
,  significantly  reduce  the  acquisition  time  one  can  employ  an  "ae(|uisition  aid". 

The  act|uisition  aid  studied  under  tliis  tyrant  employs  the  I'ast  Fourier  Trans¬ 
form  (FF'I').  It  is  shown  that  this  technique  grctitly  enhances  the  act|uisiton  capability 
of  :i  I’LL  system  operatintt  in  the  presence  of  noise. 

2.  Multi|)le  Access  iisint;  nyiiamic  Reservations 

Tlie  need  for  a  multiaccess  prolociol  .arises  whenever  :i  resource  is  shared  by 
many  indc[)endont  contendintr  users.  Two  major  factors  contribute  to  such  a  situation; 
(:i)  the  need  to  share  expensive'  resources  in  order  to  achieve  their  efficient  utilization, 
anrl  (b)  the  nec'd  to  provide  a  hit,di  deftree  of  convcctivily  for  communication  amoii" 
Independent  users. 

'rhe  muUiticccss  scheme  stialied  under  this  grant  combines  a  dyn.amic  allocation 
reservation  tcchni(|ue  with  conventional  time  division  multiple  acci'ss  to  provide  a 
system  in  which  the  delay  time  is  minimized  for  a  given  throughjiut. 

'i.  Ilybrifl  White- l.ight  Itvflective  Transform  I’reproccssor  for  Hcal-'rimc 
J ) i i; ital  Color  lma;;e  'I'r : mm nissioii 

Image  processing  foi-  the  pur  pose  of  digital  bandwidth  comiiression  of  video 
Images  tiainsmitled  in  a  real-time  environmeiit  is  pursued. 

d .  Sinier-rcsolvlii[;  Image  li('storati()n  of  Noisy  Images 
Iteconstructlon  of  objects  Ih.at  have  been  dcgiauled  by  limited  bandwidth 
channels  Is  studied. 
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II.  Sl.'ilus  of  I  lie  1  fli  lilloil. 

1.  V  Ac'(|iii::ilioii  of  :i  S[ii-c:i(l  :!|iccli  iiin  Sysk'iii 

Our  I'csuarrh  is  concfi  iu'd  uilli  llio  iru;  ol  an  acquisition  aid  u’hic:ii  derives 
an  "aidin;;"  sijtnal  via  a  I’l'T  i)roc(\ssiiu;  of  llie  incoinin;t  Hi);nal.  'I  ho  sThcino 
utilizes  an  ilcu  ative  leehnii|ue,  so  (liat  hy  <lcdeetiii(',  the  eeiiler  Irecjuiuiey  of  (Iji; 
received  si(tnal,  we  can  decrease  the  uneerUainly  band  or  fi-c(|uency  window 
witliin  which  the  center  fre((iK'nev  presently  resides.  When  the  ui\cerL'unty  band 
is  small  enoiudi  compared  to  the  final  d(\sir(ut  phase  locketl  loop  (IMdq  bandwidth 
,  a  narrow  Iraehintt  hiop  can  lie  swdtehed  in  to  complete  the  loekiiif;  proeetiure. 

'I'he  possible  implementations  of  the  actpiisition  aid  in  the  PLL  or  in  the 
Costas  loop  are  shown  in  Fit;.  1  and  Fit;.  2  resi)ectively.  Position  A  of  the 
switches,  shown  on  these  fit;ures,  is  used  durintt  acfpfisition,  while  [wsition  li 
is  used  to  liaiek  the  ineomint;  sit;n.al  once  ae(|uisition  is  obtdned. 

'I'ho  ecJiter  fretiucncy  of  the  received  signal  may  have  a  shift  with  resj)ect 
to  the  transmitter's  sitpial  fre(|ueney  due  to  the  ti-ansnvittor's  oscillator  instibilities 
and/or  a  IXqipler  shift.  We  shall  tcroup  the  t)til  of  all  these  variations  int)  one  and 
reler  to  it  as  the  l>)pplcr  shift  ^f^^.  Furthermore,  we  will  .assume  that  the  IXip|)ler 
shift  i.s  slowly  \'.'U'yint;  and  m.ay,  IlH-refore,  be  considered  constiut  durint;  llu;  ac(|uisi- 
tion  i)roeess.  lieeause  of  tlu;  Doppler  shift,  the  centei’  frec|ueney  of  the  received 
signal  is  known  only  to  lie  in  a  i>raetieular  freiiueney  window  ^)>  where 


(1) 


ruul  the  received  sipaial  is  sanifiled  at  the  sam|)ling  intervals 


calciil  1  Ics  an  Nj  -  |K)iii(  ol  il.  ’l  lu:  I  roaoliilion  olilaiiual  by  IIk; 

Nj  -  point  [■'F’l'  in 


m  N'l^j 


anil  sui)stitulinj;  laj.  2  into  lap  2  we  obtain 


2Af^Vl 
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In  the  time  domain  we  have  Nj  samplefl  points  '1'^^^  see.  ajjart,  and 
in  the  freciiiency  domain  we  have  Nj  iK)int.s  II/,,  ifprirt,  or  e(ini valently 
Nj  filters,  eaeli  of  (hem  with  a  bandwidtli  of  f^^j  Hz. 

As  a  possilde  implement.ation  for  the  accpiisition  aid  we  scleet  as  (he 
received  sipnial's  center  fre(|ueney,  llu!  one  at  wliieh  oeears  the  ra-ixlmum  of 
the  nunnitude-sfinared  of  conseentive  eom|)I('x  -  point  ri")'.  'I  lie  time  recpiired 
■  to  ac(|iiir(!  will  (hen  be 


'I'  =  N  ■(' 

AC(^  1  SI 


'I'he  probability  of  ehoosinfj  tiu'  eorreet  fj'ecpieney  as  the  center 

fre(|iicney  of  the  i  cetdved  si^ptal  is  |)ropoi  tional  to  the  ratio  of  the  signal  power 

I’  to  th(!  n(,)ise  ixjwei'  I’  in  each  fillcu': 
s  N 


c  r 


whei'c  the  noise  jxnver  eonlaimal  in  each  filler  i; 
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’I'Ik;  (lii'.ilal  Hi^nal  list'd  lo  in'urralc  Ilia  carrier's  pliase  inodulation 

uses  a  Noil- lU'lurn-to- /.ere  (NK/.)  lorinal.  II  is  readily  slun'.ai  that  lor  this 

case  do /» of  the  signal  power  is  in  (he  interval  *  f,  llz.  aroniul  the  received 

li 

si(;nal's  center  frc(|ucncy  (fi  is  (he  hit  rale  of  tlie  NH/  sipiial)  and  70 S',  of  the 

sifpial  powi'r  is  in  lIu'  interval  t  *h/L!.  If  we  rt'diice  the  fillers'  handwidlh  hy 

incrc'asing  N^,  we  decrease  the  noise  power  conLained  in  each  filler  bul,  at 

bandwidths  less  than  f^  ,  the  signal  iiower  in  the  filtei'  is  reduced  as  rapidly  as 

the  noise  jiower.  'J'here  is  therefore  no  i inpi-ovenii'nt  in  the  pj-obabilily  of  choosini; 

the  correct  frequency  by  reducinit  the  fillers'  bandwidth  below  f,  and  in  our  coin- 

1) 

puler  simulations  of  the  acciuisition  aid  we  used  fj^  as  the  filter  bandwidth. 

'I'o  increase  we  use  an  iterative  technique  by  which  we  effectively 
increase  Ihe  sipnal-to-noisc  ratio.  As  before  we  calculate  an  -  point  PI '1' 
of  t/ie  Nj  -  sain/iled  /loinls  but  we  store  in  the  processor's  nieinoi’y  Ihe  niapnilude- 
squared  of  the  consecutive  complex  Nj/2  -  point  I'P'I'.  'Phen,  (he  scheme  j'erforms 
a  second  calculation  of  the  mafpiilude-siiuared  of  consi'cutive,  complex  Nj/2  -  point 
PP'r  of  a  new  set  of  independent  Nj  sampled  points  and  it  adds  point-by-|K)int  the 
resultini;  ma|;niludes  to  the  maftniludes  stored  in  the  memory. 

To  lower  the  probabilily  of  seleclinp  an  incorrec‘1  frequency  as  the  center 
fi'c'diiency  of  the  I'cceived  sijpial,  we  may  need  several  iterations,  depending  on 
slgnal-to-noise  latio.  However,  this  process  is  limited  by  the  lime  of  acquisition 
reiiuircd  by  the  system  in  the  acipiisilion  mode.  In  general,  however. 


''si 


(i>) 


wIicTL’  i\  ir,  lli(!  MunilxT  of  i (cfaiinn.'j. 


Oncc!  Ilu‘  ik'i'riliniu:  of  llic  I  T'l';;  iii:i('iii(tiil(!-;:(iiiarc(l  ra  Iciilal  ions  ami 


Ihoir  addilions  aia-  complolcd,  llic  sohcnK!  I'ind;:  Hit;  iiiaNiniiMo  valuta  ol  tlic 
I'csultiiij;  N^/2  niiniliorH  sloia-d  in  inoiuf)t'y,  and  it  uses  Ihc  I |■(■(jll(■n<•\'  al  ulilch 
the  maximinn  appi-ars  (o  nio\(‘  fin;  conlfM-  fi’cqnciKty  of  (lio  fccolvfr'.s  Vollaip' 
Conlrol  led  ( )soi  llalnr. 

Snii.s'l  iliil  inp  2  in  lai.  d  v.o  olilain  as  (Ik;  aoqiiisif  ion  lime  noipii  l'^•d 
liy  (he  schcinc 

K  Nj 

wIko'o  j  id  (ho  (inio  i-oqnirod  (jy  (lie  achonic  lo  c.'iloula(o  (ho  l’l''rs, 

iTuipnKudes-scpia red,  and  addi (ions. 

We  present,  in  I’ip.  d,  plots  of  (he  probability  of  soloetinp  ineoi'reet 

frcspiencpv  I’  as  a  funtdion  of  the'  sipnal-(o-noisc  ratio  M,  /?),  and  (he  parameters 
0  I) 

^.whieh  is  tiu'  laitio  of  (ho  filters’  bandwidth,  f  ,,  to  (he  sipnnl  bit  rate',  f.  . 


'I'hc  computer  simidation  maele  only  oiu'  calciila(iot),  ehoosiii).:  tiic  fi'oqnoney 
of  the  maximum  of  (In;  set  of  the  mm;nitiido-s(|uared  f)f  (ho  N'j/fi  oonst'cidak’o, 
eom[iIex,  numbers,  as  the  signal's  ec-ntor  fro(|ueiiey. 

C)n  l  ips  f)  and  fi,  wo  show  the  reeailts  in  (he  erase  of  two  iterations, 

K  =  2,  and  three,'  iterations,  l\ '=  I',  rosjiecdivcly.  Note  (hat  for  probabi  I i ties 
of  error  loss  than  0,  1 ,  ^  =  f ,  Is  optimum,  i.e. ,  the  filter  bandwidth  should  bo 
chosen  to  be  equal  to  (he  bit  rate  f  , 


2.  Miilliple  Access  usiiii;  l)vn:imii  l(cscfv:iHoii.s 
Our  |)roi)OS('(l  .scIilmhc  oonsislu  ti!  :i  <lyii:i luic  limu-nsuiniuiiciit  syslr'iii 
whicli  rcL'iins  (lie  rilleeulion  fuimess  while  allowinic  nodes  lo  iii.il;e  use  of  (  h.imud 
capaeily  odierwlsc  wasted  tine  to  liKht  trallie  loads  and/or  a  nonuniloj'm  distribu¬ 
tion  of  traffic  anioiij^  the  nodes.  In  partienlar,  it  allows  shorter  messages  to  be 
sent  with  delays  very  elose  to  those  encountered  when  using  only  fixetl  'I'DMA, 
while  at  the  same  time  allowing  longer  messages  to  use  more  cliannel  capacity. 

In  this  proposed  scheme,  time  is  divided  into  fraiiK's,  each  consisting 
of  one  slot  (for  reservations  and  acknowledgmenLs)  and  iieserved  'l  ime  Slots  for 
reserved  data  packets.  'I'he  number  of  (he  Heserved  Slots  will  vary,  deiiending 
on  the  denuuid  of  the  sbitions  as  illustrated  below. 

bach  sUition  will  send  two  Ijits  (0,0)  (or  only  0  in  this  e.ase),  (0,  1),  or 
(1, 1)  into  the  reseiaaiion  slot  which  is  divided  into  2N  small  slots,  where  N  is  the 
numlicr  of  stations,  'the  (0,0)  vector  rein  csents  that  the  station  does  not  have  any 
packet  for  transmissions,  the  (0, 1)  vector  rejircsents  (hat  tlie  sLation  has  only  one 
packet  to  transmit,  and  the  (1,1)  vector  reimesents  (hat  the  sbition  has  two  or  more 
packets  lo  transmit.  One  nuijor  advantage  of  tliis  scheme  is  seen  to  l)c  that  the 
reservation  time  is  a  very  small  |)ercenlag(‘  of  the  total  frame  time,  which  is  not 
ti  uc  foi'  other  existiigc  schemes.  'I  he  data  )»ackets  waiting  at  IIk;  slations  will  be 
transmitted  into  Heserv(;d  Slots  of  the  frame,  whose  number  wilt  vaiy  according 
to  the  following  lules: 

a)  there  will  be.  no  lii\K^  slot  reservial  for  the  station  which  has  sent  the 
(U,  U)  vector; 

b)  there  will  be  one  titiu;  slot  I'cserved  for  transmission  for  the  sUition 
which  has  sent  the  (U,  1)  vector; 

e)  the  sl.ation  which  has  sent  the  (1,1)  vtxdor  will  be  :illol(ed  time  sloLs 
(e((ual  to  or  gi  e.aler  than  two)  which  will  dei)t;nd  on  its  prior  reservation 
vectors  :is  follows: 


i)  Two  (2)  slots  will  ho  rcsoi  vc'd  l'>r  ti-:insmission  if  llio  first 
pi'ooedini'  rosorvatioii  vector  is  (U,  0)  or  (0,1);  in  other  words 
if  the  second  hits  in  the  proscsit  and  the  first  preec'dinir  veetoi 
for nus  (0, 1). 

ii)  I’  time  slots  where  P  is  ecpial  to  or  (treater  than  two  will  he 
rc‘serv'ed  for  transmission  if  the  first  preeeilinjt  vector  is 
(1,1)  hut  the  second  preeedin(t  vector  is  (0,0)  or  (0,1);  in  other 
words  if  the  second  hits  in  the  pi  esent  and  the  |)recedin(;  two 
vectors  form  (0,1,1). 

iii)  tj  time  slots  whei'c  (j  is  e(iual  to  or  (tre;iter  than  1’  will  he 
reserved  for  U'unsmission  if  the  i)recedin't  two  vectors  arc 
both  (1,1);  in  other  words  if  the  second  hits  in  the  present 
and  the  preccditif;  two  vectors  for  (1,1,  1). 

Prelimiii.'iry  .Simulation  Kesults 

A  I'OliTUAN  simuhition  pro(;ram  was  writteti  to  find  the  hcdiavior  of 
the  system.  An  exponential  interarrival  time  distrilmtiou  was  used  for  each 
user  with  sc;pai':itely  delined  means.  A  10-node,  50  lsh|)s  ch.'umel  was  uscal. 
Traffic  was  ecpial  disti  ihutcd  :imon(t  the  nodes.  The  ;ihscissa  is  the  aveiaij^e 
toUil  (jacket  dehiy  for  all  nodes  and  includes  all  ((ueucin;;,  transmission,  and 
projjiif'ation  times.  The  oiclinate  is  toUil  channel  throu(;hinit  due  to  traffic  from 
all  noties,  when  throuphp'it  includes  overhead  hits. 

The  I’esults  foi-  two  olln'r  schemes  .are  also  shown  in  eom|)arison  in 
l''i(;.  1.  'I  ht^  curves  foi'  Itobert's  schemt^  ;lnd  Binder's  sclu me  reiiresent 

analyticjil  results.  Dilferent  values  of  P  and  are  considtjied  in  our  simulation 
l)taj(;ram.  As  c;in  he  seen  from  I'ic,.  1,  (Ikj  |iro|)osed  Itouiul- Hohin  dyiuimic 
schtone  |;ives  a  sinnificant  i m|na)vem(ait  loi'  short  (Kieket  d(d:iy  over  the  other 
l  eservation  scher.ies. 


(1)  L.  G.  liohei’ls  and  1!.  10.  VVoss’lnr,  "('oni|iiitc‘r  Ncdwotl'i  l)(‘\'c|i)i)nu-nl 
to  acliievc  rc't;o(uc;f;  .sharin^f",  in  ]  970  Sprinf;  Joint  Coiniait.  Conf. , 
I’roc.  A FIl'S  Conf.  ,  vol.  90,  1970,  pj).  OKl-OdO. 

(2)  I.  M.  Jacoljs,  li.  liiiuUn',  and  11.  V.  llovLT.stfni,  "CoiHMal  I’ni|)t)sc' 
l^acket  Satellite  Networks",  l>roe.  IKHi:,  vol.  00,  Nov.  1970. 
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Aloii)',  with  I  lie  i  Ic  vi’ 1  oprrii' ri  I  of  'in|ili  i  1. 1  i  (  .1 1.  cif  iiioii  i  I  o  r  i  iij',  .iii'l  roinimi- 
o<iu  i  pinfut  t  lio  nonl  for  ri'.il-iiinp  viilco  iiii.ij'.e  L  r  .1  ii  sin  i  s  s  i  on 
is  rent  .  Dijtiial  sij’.n.il  I  r.msnii  ss  i  on  offers  many  atlvantat;es 

over  analo(>  Lransmission  when  operaLinf;  Ov'er  a  rhannel  Llwit  is 
corrupred  hy  noise.  This  is  1. 1>  I  lie  laet  that  qnantited  levels 

are  iiinre  easily  i  sr.  r  i  m  i  na  I  ed  from  the  effeets  of  noise.  In 
addition,  I.lie  di];ital  formal  allows  for  time  mu  1  t  i  p  1  e  x  i  nj; ,  error- 
codiiij;  as  well  ,is  eucryptinp,  p roc <Mlure s  that,  are  not  available 
on  an  analnjt  thannel.  However,  when  the  standard  font  Mil'/  video 
sip.nal  is  sampleci  at  the  tlyipiist  rate  and  eneoded  nsinj;  pulse 
cotie  modulation  to  four  to  six  ipiautitatiou  levels,  the  tlata  rate 
hecoi:,es  AH~fe'i  Mhs.  In  the  ease  of  <.  o  I  o  r  video  t.ip.nals,  it  i  ti  not 
uiu.oiMiioii  to  icipiii'e  Hl-dO  Mhs  dip.ital  bandwidth  for  lolor  I’liM  en- 
Codetl  digital  vitlet'  rales.  'Ibis  h  i  pji  digital  baiulwidth  is  UHiuilly 
una  !•  c  ep  t  a  b  I  e  iu  manv  a|ip  I  i  c.it  i  onS  .  Various  dip.ital  encodinp,  .'liter 
natives  have  heen  exploied  to  reduce  the  digital  btiiulwidth  to  an 
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Till'  .1  r  r.i  iij',  I' rill' 1 1  (  lor  tin'  '.vli  i  l  n  -  1  i  i;li  I  I  r  mii'.  1  n  riiii- r  I  o  I  I  dw,  tin' 

|iliyr.ii.il  l.i'yi'iit  nl  ,i  lulls’  (  ulii' r  c  ii  I  ii.i  i  t  nwli.i  ml  0|iLic..il  L  r.i  ii  s  I  o  I'm 
|i  tin:  n  s  so  i- .  llic  r.ourirc  ii'.i'il  in  t  li  i  r.  I'xin' r  i  iin-nt.  is  ,i  li  r  on  1 1 1  m  ml 
200  W  Ml' ri  11  ry-Xo  lion  n  rc  l.ini|i  sinirci'.  Tin'  .irr  sniirci'  out.|iijt.  is 
firi'l  spnti.il  till,  c  mil  Oy  loiiisiu);  i  t  r.  nut  put  on  n  pinlmli'.  'Ilin 
size  ol  the  pinhole,  0.’_i7iiiiii  'liunii'ter  ui.eii  lor  our  exiie  r  i  iiienL  ,  wn.s 
chosen  as  a  coiiipromise  between  a  small  pininile  that  '.^oulil  blork 
most  o(  t-he  I  ip, III  as  well  as  creali'  a  chromatic  <1  i  f  I  rac.  t  i  on  pattern 
aiul  a  larjp'r  [linhole  that  woulil  rest.rict  the  re)’, ion  of  lateral 
Sfiatial  cohererue.  The  li(>,hL  lorm  the  jiinholo  is  collimated  bv 
r/f)  fi"  (iiametcr  len<'..  The  aipitular  spread  of  the  collimated  beam 
\S  inversely  I' v  opo  r  I  i  ona  1  to  the  lateral  coherence  lenplli  ol  the 
wh  i  I.  e- I  i  p.lit  transform  system.  Inst.ead  of  the  usual  telescopic 
Lr.inslorm  lenr.  eon  I  i  )>,u  ra  t  i  ou ,  we  have  chor.eu  a  relrartive  trans¬ 
form  sy.tem.  The  a<lvanta)',e  ol  a  relractive  opt  ic.s,  lor  the  us.ral 
h  i  )',h  f  uuiiibnr  Lianslorm  system,  is  that  it  can  be  more  tom])acL 
than  its  relrait.  ive  lounter  part.  lurl.her,  since  a  lirst  surface 
mirror  does  not  liavn  ehromatie  abeiration,  this  system  is  Inctter 
I'Oitid  lor  a  wh  i  I  e  -  1  i  )'h  t.  proiessor  than  i  hromat  i  c.a  I  I  y-ba  1  anced 

I  e  1  e  ra  I)  p  i  I  I  e  n  r,  n  s  .  There  are  two  pus i  b  I  e  re  I  ei  t  i  ve  transform 

syi.ti'Ki'.:  a  'lyr.li'm  that  ur.es  a  s  i  ii)’,  1  e  -ou-a  x  i  ■■  parabolic  mirror 

or  a  syr.lem  that  user.  I  vio  ull-axis  p.iraholii  mirror:,  lor  lr.inslorm 
and  r  e  f  r  ,1  n  I  1 1  rm  .  In  the  first  i  ou  I  i  )’,u  ra  I  i  on  the  r.p.i  I  i  a  1  fillet 

fiiu  .  1  In  1  c  I  I  I  -  I  t  i  ve  ,  wh  i  1  e  in  tie  s  ei  otn  I  i  ou  I  i  )-_  1 1 1  .i  t  i  ou  it  i  ■.  (In' 

u  s  u.i  I  t  r.i  1 1  sill  i  i  ve  filter.  In  either  <  .i  se  the  ol  i  j  e  i  I  is  inou  n  I  ed 


( 


I.  f:ni  .STii.i,  iriAt.i:  ,'0  miis/mc  n  k  coiok 


MiAfiiii.i,,  r.'o  DiTicM.  I  ii.M  un;'.. 


(.1)1. UK  i/i  iii  un  icAi.  i  i  i,i  i:k  itJ';. 


I.’J'I  M('l 

'I’l  '1 1 

Tin- 

1" 

■nil  1  ,1 

in 

of 

(  ' 

r  •,  ♦ 

M  r  i  M|» 

.1  1  i 

Mf 

.1  r  1  V  *i' 

•y  r.idu 

'1  i  Ih.l 

);c  h.i',  Ih: 

r  M  f  hr 

Mil. 

!•  ' 

1  III 

■■ 

X  t  . 

'  1  1 

1  V 

O  i  M  V. 

•  .  r  1  i; 

M  r 

1  un*;  •  1 

!  .  '!  flH  JM.I 

r  liciM.i  [  j  (  .1 

1  I  t  u  r  ffitj  1,1- 

r  i  n 

n  1 

it  III 

1  1'* 

IP.' 

:■ 

.‘St  'M  . 

it  1  "M 

P 

ruts  1  fi'.i 

i  s  1  f 

lutnun 

1  U  I’l  1  MV  '! 

li'.M.rru* 

1  1  (’ 

hl‘ 

.  1. 1 1  ( 

h 

.1  ^ 

.1 

(  I’lO 

spin*  r  ; 

i'  up 

1. 1 

'  !  -^  I  • 

,  sc  1  s 

IflU  1  <))' 

V  r>  j .  '1 

)('<  t  roM.opy 

['•1 

.  I 

Mil  i  1, 

.i 

*.  t 

r  ’ ' 

III  <111 

V  1  0  .  ' 

1 

)  .1  s 

W'  1  I  .IS 

the  p. 

H  n  c  r  .1 

1  * .  M  h  j  c  (  f 

u  1  mmiih*- 

r-  i  ( 

.1  i 

.111.1  1 

S’  '• 

i 

' 

7  1 , 

1 II  , 

>  .*  IH  •  t 

.  I  IlH  1 

t  n  vi‘  f  s 

tun  u 

(  1  1 MH  i  r 

d  r  J '  r .  i  d .  1  r  i  u  M 

«  .ill 

‘  .  1  1 

-  n. 

I’l 

1  '  > 

1 II  .1 

Mur.li 

«•  T 

U  f  V.-  1  S 

.  ..  1 1  i 

.  Wh 

CM  t  Iw  111. 

•  .1  *.  M  r  r  in*  'Ml 

t  r 

Ilf, 

,  th.i 

f 

i  ■. 

f 

nil  i  -.■• 

ll. 

)•.  1 

1  <■  .lU'l 

1  in- 

<U- r  Lion  j>  i  ul  c  s  s 

i  s 

Wr 

1  1  -li.i 

It.i 

1  . 

t  h 

r  1 1 1  r  1 

■;  r  i 

II  V 

1'  f  -i  i  on 

ol  Ll 

c 

f .  1 1.1 . 1 1.  i  1 . 1 1 

prut  r  s  s 

Ciiii 

< ' , 

1  i  1  V 

1. 

*'  1 

i.- 

r  I  o 

nil. Ill  . 

1  u  r 

•  1 

wi.  1  1  -1 

OlliJ  i  t 

i  (M}c  d 

lU'l’,  r.i'l.i  r 

i  p  r(M  c  s  s  , 

i  n 

t  III 

■  (if.i 

'■»  f 

Il‘  ' 

"t 

II"  i  M' 

,  mitl.i- 

Is  sill  1 

1  .i  ‘t  W 

i  c mh  r 

1  i  1  1  r  r  i  n|.  .1  rn  .i|i|i  ro- 

[>ri 

,1  f  « 

■  h 

• 

fit 

,'W 

.  V*' 

r ,  111 

riM  M 

.I'.l.S  ll 

.(•  <lcj» 

r.i‘hi  t 

ion  p  ru<  ' 

•  s  1  1  1  1  - 

(  i»ri 

■1  i  t 

'  l  n  M  1  • 

'I  . 

1  I. 

t  h 

1  ■>  1  .1  ■ 

.■  t  h 

'• 

1  ■  .1  '.ll  I  I 

lll‘•Ml 

c  r  i  u  r 

S  .ifc  p.  t. 

Ml  Iv 

•  ir.p 

1  1  1 

i  i  ■•<! 

i  II 

( 

I.r 

r  «• 

•  t  'll  .ii 

1  i  ‘ji. 

ll- 

.I'l  i  nj;  1 

U  .ill 

iiii.iju* 

0  S  1  1 in.i  t  ' 

‘  lli.it  is 

i  II. 

If  .■'! 

i-v 

It. 

•  1 

'.  <• « 

III  1 

:  ti  i  s 

p.lp.'l'  WH 

d  i  s  (  M 

t  h 

H  tS'  •.  t  o  r. 

1  (  i  1)11  (1 1 

i  1  t 

- 1  I 

iii'l  i  f 

i  nil-" 

'1 

1  i  ti 

iMflv 

-i'T.i 

.i'l 

»m1  iiii.ii 

;c  s  t  h 

.It  li.ivi'  lii.cn  I. 

off  ll[)  1.  I.'ll 

l.y 

■‘I'l 

/  f  f  (  i 

■  iP 

Ill 

IH  I  t  S 

V-'li  i 

1.1 

n  t  u '/ 

( 

VI’ 

111 

1 1 1-1 

(  »hI  i 

t.  i 

<>MtMl  i  > 

'i-i)*c  r 

H  I  O  t 

.1 1  i  uii  <  .1  M  hr*  (  (Ml s  i  (Ic  r c t, 

■*  P 

II 

f  1  .  'll 

1 1 

i 

1  1 

-1  mill  i  1  i  1 

MH‘<I 

1  111 

I.IJ'.H  r.-: 

.  (  -M  .1  f 

i  nil  , 

r  ll c  r  1 f  ( 

' 1 .1 1  tun  o  1 

a 

■1  1 

i  1  I  .1 ' 

(  i 

Ml 

1 

i  11. 1 

I  .  it  i  ; 

ul 

\  Mill. 

•  H.XtH 

III  ll  1 

s  h.-i'M  ir 

umI  ,|S  .1 

li.MM  h 

r,.i  1  1- 

f 

I  .■  t  Ih 

'  •  V  .  1  t 

i  <' 

M*.  I  1 

:  u  1  .i  f  1 

"11  .1  ] 

)M)  I  i  f  hnis  . 

.  r  M  r  1  hr  r  , 

till 

mil'll  1 

,1  r 

.» 

'■  ■* 

-.-1  S 

t  M 

r  t  i  M>-  I 

lU  I  lit 

1  <1 1  I 

hr  r  r  '.  [  M  1 

■  .  i  t  l  u  M  ( '  1 

.1 

,.vi 

M  !■  1  , 

1 

1,1  M 

i'll 

1.  .  =.M.| 

|.| 

.  .1 

V  1  '  1 .  ■  ■  ) 

1  .ti.ip.* 

'!<  h  1  -1.  1)M 

•.  ■■  ‘>I 

1  it  1 

1  •  f  1 

I", I  1 

1 1 

'1  i 

i;  * 

1  .1  1 

1  V  ,||.|,  1  1  I 

.It 

1  I'll-  . 

1  f 

t.il 

■.  Ill-I 

■ :  1 

■  li 

'  •  W  1  .  1 

1  I..I  t 

I 

'.|  i  him; 

..t 

f  INI 

1  r  r  X  I  C  M  1 

;  ,  i  M  I  Ih' 

.ii'- 

i.,„ 

1  II  III, 

,  ii'ii 

... 

•  '■ 

■  p.-.  f  I 

1  1  ‘  . 

i-.|i 

uncut  s 

ul  I  ! 

i--  SI)’ 

,n.i  1  tint 

li.iv.*  hrrn 

1  C’ 

1  •!  I  , 

1 1 1 

1..- 

1 

» •  1  1 

Ml  ■.  r  1  M 

I  *  '1 

1  1 

■  ‘HI  (  1h' 

1  UW-J 

i.i'.'.h.i 

1  lid  1  M  t  u  r  ni.i  t  i  I  >M 

1  r  1 

M ; 

.1  III  1 

vi 

1  > 

- 

"Ml 

1  1.  M.l  » 

I  Ml  . 

i 

he  «•  X  t 

I.ipi.I.i 

if  1  •  >  n 

111  [In'  *  1 

1 ' .  i  t  1  . 1  1  1  r  r  - 

'III. 

■  ti' 

V  ili.i; 

i.i  1 

ft 

I  . 

I'l  . 

•.‘•Ml  *. 

-t  M  1 

IH 

:  c.l  SH 

111  f  h. 

■  ’.|.,ii 

1  .1  1  1  ■■  ■." 

lilt  1  •  M 

■Siirr.i<Hi:.’;oi.v I f.'i:  it-iAr.i:  ki.iiTuKAi'in;.  ni-  ;;i)i !,'r  iM.M.i. s 

ABSTRACT 

Supe  rrcso  !  V  i  iij’  iiii.ipo  re  si  or.i  I  i  on  (SIR)  in  I  In'  [irc'.fiu'e  ol  ,1  noii.-y 
e  II V  i  roiiriii' II  t  is  con  s  i  ilc  ml .  Itosl  SIR  a  1  j'.o  r  i  L  liiii';  ,  ovi’ii  in  I  In' 
alisciuc  of  noise,  can  only  resolve  two  point  sources  oiie-lialf 

Rayleipli  (listancc  apart.  In  this  report,  it  is  shown  th.iL  in 

» 

the  ahsence  ol  noise  tlie  '.i  1 R  ol  two  point,  source  spaced  one- 
oi);hih  ol  a  Raylei)',h  distance  apart  is  (lossible.  'Ihe  a  1  c.ii  r  i  t  Inns 
use  o|itiiiiil  noise  lilterinj',  t  echii  i  ipies  haset)  on  f  he  inethoils  1;  I 
linear  p  ro);  ramiii  i  up, .  For  noisy  iiiiapes,  the  t  oinh  i  iia  t  i  on  of  linear 
e  i  j;c  n-va  1  lie  and  optimal  noise  lilteriii);  is  used.  In  this  report, 
it  is  ;,hown  that  for  a  cl  i  I  I  rat:  1  i  on- 1  inn  t.ed  iinap.e  ol  two  [loinl 
sources  sjiaced  oiet-half  Ravtoi'p.h  tU''.Vanc.e  apart,  'whose  input 
s  i  p.na  I -t.o-no  i  se  ratio  is  2l'lh,  SIR  is  athievahle.  Ihese  renlt.;-, 
Ii.ave  important  implications  in  a  i  mosphe  r  i  c  optiis,  se  i  siiio  I  opy  , 
radio  asttononiy,  nie'lical  d  i  a  jtiios  I  i  C  s  and  dijtil.al  handuidih 
(  oiiip  re  s  s  i  o  11  applications  where  the  dot  ciiivo  1  iit  i  on  ol  noisy  hand- 
w  i  i|  t  1 1 -I  oiiip  r  e  s  s  ed  iinap/'S  is  one  ol  the  f  iindaine  n  I  a  I  1  i  ri  i  t  a  t  i  o  11  s  . 
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in  t  hr  An  irn.i)*-  ion  pro*  I’ss  wh  i  (  Ij  [»ru- 

V  i  de  s  fins  i  i  n  i'  •'  n  s  n  in  m  so  1  u  I  i  on  is  c.i  1  1  <*d  a  m  ipi*  r  f  <•  s  > '  1  v  i  i  )•  >  in  j  j  -  »• 

rosTornLion  ( 1  K  )  pros  ivis  .  A  (ornploLo  ;>nrv<*y  ot  ro'.onf  /  J  i''  ii;'- 1  h* 'd  s 
lins  luMMi  1)V  i'riotion  It).  In  p.onoral,  statist  n.il  iinapp* 

r  i' s  t  o  r  .1 1  i  o  n  mslhods  ,iro  not  faip  ••  r  ro  so  1  v  i  m;  •  !)<•  t  <•  nn  i  1 1  i  s  t.  i  c  ii.o  1.  lu*d 

u  s  <»  va  r  i  o  1 1 (  or  nis  of  r  cjoi  I  a  t  i  /  a  t  i  on  {  I  1  i  t  “  p  t  v  i  dr*  s  1  a  h  i  !  i  I  v  for 
t:  ho  i  nn  p,o  ro  s  L  o  s  a  (  i  on  ,  I.  i  no.i  r  slii  I  f  -  i  n  va  r  i  a  n  f.  f  i  1  f.  o  r  s  ,  wh  i  1  o  f  ho  v 
provide  st.ahilitv,  arc  also  not  snpe  r  rt'so  I  v  i.np. .  IL  h.is  Ino-n  (Mist.n- 
laLed  that  only  non-line.ir  filterin)»  rnelhods  will  ()rovido  'Mli  in 
the  firesonoc  of  noise  f  1  |.  The  piirp(.»s<*,  and  t  lie  advann*,  of  f  lii  s 
pa  [)t‘  r  is  to  show  that  t  lie  osieih  i  na  t  i  on  of  V  i  nc  a  r  s  h  i  I  f  -  i  1 1  va  r  i ,  1 1 1  f  I  i  1  t.  e  r  i  n  s; 
of  I  h  ('  i  Ilia  pe  a  I  id  n<  ni  -  1  i  ihm  r  r  f  o  ?  a  t  i  on  Jo.  -  s  provide  ‘'11'  e  a  [;a  l.i  i  I  i  (  v 
in  <i  reaMsti(.  noi:>(‘  o  n  v  i  roniuen  t  .  *1  he  optimal  noise  filfcrinj;  uses 

liiear  p  ro)' rainm  i  np.  l♦HhlM^|nes»  The  linear  p  rep,  i  afnm  i  ii)*  methed  pro¬ 
vides  hot  II  cost  ,ind  tiiiu*  effective  ways  to  jiroduce  .SIR. 
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osc  i  I  I  a  t  i  lie,  (nnetions  represent,  the  e  i  c.en-va  1  ties  elor.e  Lo  '/.ero. 
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sum  of  tin*  positive  and  ni'tpiLive  samjilo  noise  connionent  values. 
Tin*  !^,  also  c.illed  ininimax  c  ons !.  i  a  i  n  t  ,  mmiinize.s  the  niaximuiii 
iRiiso  s<iinf)Ie  value.  'Ibis  s.imple  v.i  I  ue  can  eilfn'r  Ih*  positivo 
or  n'‘;uitive  p,oinj'  '.ar:,pl«*  noi5a.*  va  I  m*  .  fltfu'r  noise  pe  r  f  o  rm-i  iic  o 
criteria  rnav  also  be  »is**d. 
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